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Effects of intracerebroventricular injection of nisin on 
feeding behavior, body temperature, and serum param-
eters in LPS-inflamed broiler chickens
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Lipopolysaccharide (LPS) leads to impaired production performance, reduced feed intake, altered body 
temperature, and deleterious changes in some serum and disease parameters in broiler chickens. Bacterioc-
ins such as nisin are considered promising therapeutic agents for the prevention, control, and treatment of 
poultry diseases. This study involved an experiment using 30 male broiler chickens to evaluate the central 
effects of nisin on feed and water consumption, body temperature, and serum factors under stress. In this 
experiment, nisin (1 μg) and LPS (25 ng) were injected intraventricularly, and combined treatments of nisin 
and LPS were also considered. Feed intake, water consumption, and body temperature were measured in all 
groups. At the end of the experiment, blood was collected from the chickens for evaluation of serum factors. 
ICV administration of nisin administration significantly increased feed intake, whereas LPS administration 
significantly decreased it. In combination treatments, nisin was able to partially reduce the adverse effects of 
LPS on feed intake. Both nisin and LPS reduced water intake in broilers, and combined treatment caused a 
greater reduction in water intake than either injection alone. LPS initially reduced body temperature before 
hyperthermia induction, whereas nisin alone had no effect on thermoregulation, but in the combination 
groups, it somewhat reduced LPS-induced temperature disturbances. LPS also caused a significant decrease 
in albumin and a significant increase in AST and ALT, whereas nisin reduced AST and ALT but had no effect 
on albumin. Results shows that nisin can be used as a useful and safe additive in poultry feed.
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Introduction  

Feed consumption in poultry is regulated by a 
multifaceted network of central and periph-

eral control systems driven by hormonal, metabolic, 
neural, and  environmental factors [1]. Among the 
central regulatory structures, the hypothalamus is 
the endocrine host of  feeding behavior and energy 
homeostasis [2]. Various hypothalamic regions, in-
cluding the arcuate nucleus (ARC), paraventricular 
nucleus (PVN), lateral hypothalamic area (LHA), 
ventromedial hypothalamus (VMH) and dorsomedial 
nucleus (DMN) are known  contributors of this reg-
ulatory mechanism [3]. These nuclei respond to cir-
culating hormones and metabolites and subsequently 
regulate feeding behavior and body temperature [4].

In intensive  poultry-rearing systems, broilers are 
continuously expose to environmental stressors and 
pathogenic microorganisms, that can suppress im-
mune system activities and reduce productive perfor-
mance [5]. Lipopolysaccharide (LPS) is an important 
component in the cell wall structure of Gram-negative 
[6]. Following entry of LPS into the broiler chicken's 
body, the animal undergoes an extensive acute phase 
response featuring decreased feed intake  and im-
paired growth, inflammation with associated changes 
to its thermoregulation [7]. Its weight loss component 
is not only reflected by  suppressed appetite, but also 
by metabolic/endocrine modification induced by in-
flammatory cytokines [8].

The high-LPS-rich outer membrane of Gram-neg-
ative bacteria serves as an essential protective barrier 
and plays a critical role in host–pathogen interactions 
and antibiotics susceptibility [9]. The structure of LPS 
consists of lipid A, core oligosaccharides, and O-anti-
gens that determines membrane permeation and  re-
sistance patterns determines membrane permeation 

and  resistance patterns[10]. It imparts innate resis-
tance to  the majority of antibiotics and antimicro-
bial peptides and thus, is a key contributor towards 
the increasing worldwide prevalence of antimicrobial 
resistance (AMR) [11].

Gram-negative organisms are especially worri-
some, with resistance to even the most recent com-
pounds  described [12]. As a result, there is increasing 
interest in the discovery of new antimicrobial agents 
acting specifically against pathogenic  bacteria with 
minimal impact on the commensal microbiota [13].

In this background, bacteriocins have gained 
prominence  as potential candidates. Such peptides 
usually have a relatively narrow antibacterial spec-
trum, low cytotoxicity, and high potential  for treating 
MDR bacteria [14].

Nisin is a class Ia  lantibiotic produced by Lac-
tococcus lactis and has been extensively studied for 
its broad-based antimicrobial efficacy and safe nature 
[15]. Nisin is approved by the U.S. Food and Drug Ad-
ministration (FDA) as a natural food preservative and 
is widely recognized for its effectiveness  against vari-
ous Gram-positive pathogens. Although traditionally 
considered ineffective against gram-negative bacteria, 
accumulating evidence suggests that nisin may also 
exhibit activity against Gram-negative bacteria [16].

Mechanistic data suggest that nisin is able to in-
teract with LPS and disturb the outer membrane, 
most likely in strains with truncated LPS cores then 
enabling lipid II access or  channel formation [17]. 
Moreover, findings from solid-state nuclear magnetic 
resonance (NMR) analyses and leakage assays   have 
demonstrated that LPS chemical structure plays a sig-
nificant role in the sensitivity of bacteria to nisin de-
tecting those with rough forms is stronger [18].

Apart from its antimicrobial properties, nisin has 
a high immunomodulatory and anti-inflammatory 
effect [19]. Nisin was observed to demonstrate a re-
duction in excessive cytokine production and the reg-
ulation of immune cell signaling pathways [20]. These 
properties may exemplify its ability to sustain physi-
ological homeostasis within the stressed animals and 
to improve resilience against immunologically chal-
lenging pathological agents [21]. In poultry, the im-
munomodulatory role of nisin have been associated 
with improvements in feed intake and growth perfor-
mance. Evidence suggests that nisin improves growth 
performance, relives inflammation-related anorexia, 
regulates heat production, and alleviates dissipation 
in broiler chickens challenged immunologically [22].

Previous studies have established that dietary ni-
sin supplementation improves growth performance 
and feed intake in the early rearing phase of broiler 

PVN: paraventricular nucleus
LHA: lateral hypothalamic area
VMH: ventromedial hypothalamus
DMN: dorsomedial nucleus
AMR: antimicrobial resistance
MDR: multidrug-resistant
NMR: nuclear magnetic resonance
HPA: hypothalamic–pituitary–adrenal
BBB: blood–brain barrier
FCR: Feed Conversion Ratio
TNF-α: tumor necrosis factor-alpha
IL-1β:interleukin-1 beta
IL: interleukin
NPY: neuropeptide Y
AgRP: agouti-related peptide
POMC: pro-opiomelanocortin
CART: cocaine- and amphetamine-regulated transcript
FDA: Food and Drug Administration

Abbreviations-Cont'd



32

RESEARCH ARTICLE IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Hamedianasl et al., IJVST 2026; Vol.18, No.3
DOI: 10.22067/ijvst.2026.97643.1639

Nisin, LPS, Feeding behavior, Temperature, Serum parameters, 
Broilers

Results
Base on the results, ICV administration of an ef-

fective dose of nisin significantly increased cumula-
tive feed intake compared with the control group at 
90, 120, and 180 minutes post injection (p ≤ 0.05). In 
contrast, ICV administration of an effective dose of 
LPS significantly decreased cumulative feed intake at 
30, 60, 90, 120, and 180 minutes post injection com-
pared with the control group (p ≤ 0.05). Co-admin-
istration of nisin and LPS, significantly improved the 
LPS-induced reduction in feed intake, especially at 90, 
120, and 180 minutes post injection (p ≤ 0.05) (Figure 
1).

chickens [23]. However, despite substantial evidence 
supporting its antimicrobial and immunological ac-
tivities, the central mechanisms through which nisin 
influences feeding behavior, especially under condi-
tions of LPS-induced inflammatory stress, are still 
inadequately known. Moreover, the effects of nisin 
on body temperature regulation, energy balance, and 
serum biochemical parameters have not been clearly 
elucidated.

Consequently, the present study was conducted 
to investigate the central effects of nisin on feeding 
behavior, water intake, body temperature, and serum 
parameters in lipopolysaccharide-challenged broiler 
chickens. More specifically, we examined intracere-
broventricularly infused nisin, which may affect feed 
intake, rescue the LPS-dependent decrease in feed 
consumption, alter temperature and serum parame-
ters, and lower the negative LPS effect. This research 
was also conducted to further elucidate the poten-
tial for nisin to serve as a functional feed additive for 
broiler chickens.

Figure 1. 
Cumulative Feed Intake
Effects of intracerebroventricular injection 
of control solution and effective dose of ni-
sin and LPS on cumulative feed intake in 
feed and water-deprived broilers (N=6). Data 
are expressed as mean ± standard deviation. 
Significant differences between treatments at 
each time point are indicated by letters (a, b, 
c, ac). (p ≤ 0.05).

Effects of ICV administration of nisin significant-
ly reduced water intake at 30, 60, 90, 120, and 180 
minutes post injection (p ≤ 0.05); ICV administra-
tion of LPS also significantly reduced water intake at 
30, 60, 90, 120, and 180 minutes post injection (p ≤ 
0.05). Co-administration of nisin and LPS, exhibited 
a greater reduction in water intake compared to the 
other groups (p ≤ 0.05) (Figure 2).

As concerns body temperatures, no significant 
differences were observed between the nisin-treated 
and control groups (p > 0.05). In contrast, following 
LPS injection, body temperatures initially decreased 
and subsequently increased above the normal values. 
Co-administration of nisin with LPS significantly at-
tenuated the LPS-induced hyperthermia (p ≤ 0.05) 
(table 1).

The effects of the treatments on serum parameters 
revealed that there were no significant differences in 
the nisin-injected groups compared with the control 
group (p > 0.05). However, in the LPS-treated groups, 
ALB concentrations were significantly lower than 
those of the control group (p ≤0.05). A similar reduc-
tion in ALB levels was also observed in the nisin and 
LPS co-treated groups (p ≤0.05), illustrating the in-
ability of nisin to inhibit the reduction of ALB caused 
by LPS. Conversely, the value of both AST and ALT 
were significantly higher in the LPS-treated groups 
compared with the control groups (p ≤0.05), whereas 
in the nisin and LPS co-treated groups, nisin was able 
to reduce the impact of LPS on the mentioned serum 
parameters (p ≤0.05) (table 2).
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Figure 2. 
Cumulative Water Intake
Effects of intracerebroventricular injection of control solution and effective dose of nisin and LPS on cumulative 
water intake in feed and water-deprived broilers (N=6). Data are expressed as mean ± standard deviation. Significant 
differences between treatments at each time point are indicated by letters (a, b, ab, bc, c). (p ≤ 0.05).

8 h after inj.5 h after inj.3.5 h after inj.1 h after inj.10 min before inj.Groups

40.83 ± 0.09a40.83 ± 0.06a40.78 ± 0.10a40.83 ± 0.04a40.76 ± 0.07a1

40.73 ± 0.06a40.83 ± 0.09a40.75 ± 0.08a40.76 ± 0.05a40.75 ± 0.05a2

42.11 ± 0.08b41.25 ± 0.09b40.88 ± 0.08a 40.05 ±  0.07b40.86 ± 0.14a3

41.16 ± 0.03c 40.95 ± 0.08ab40.83 ± 0.07a39.86 ± 0.10b40.85 ± 0.11a4

 40.93 ± 0.06ac40.85 ± 0.09a40.68 ± 0.11a39.76 ± 0.09b40.78 ± 0.06a5

Data are expressed as mean ± SEM. Different letters (a, b, and c) indicate significant differences between treatments 
at each time (p ≤ 0.05).

Table 1.
Effects of nisin and LPS on body Temperature in the experiment.

Discussion
Nisin is a polypeptide bacteriocin produced by 

Lactococcus species, capable of improving broiler 
growth performance while exhibiting antioxidant and 
anti-inflammatory properties, which has led to grow-
ing interest in its application [24]. LPS, a component 
of Gram-negative bacteria, is commonly used to in-
duce systemic inflammation in experimental animals. 
Previous studies have shown that LPS challenge sig-
nificantly reduces weight gain, feed intake, and feed 
conversion ratio [25]. The present study is investi-

gating the effects of ICV administration of nisin on 
feed intake in LPS-challenged broilers. Compared 
with the extensive research on nisin activity against 
Gram-positive bacteria, relatively few studies have 
addressed its effects on Gram-negative bacteria and 
their associated inflammation.

The results demonstrated that ICV administration 
of nisin increased feed intake at 90, 120, and 180 min-
utes post-injection. These finding are consistent with 
previous studies demonstrating that dietary supple-
mentation with nisin enhances growth performance 



34

RESEARCH ARTICLE IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Hamedianasl et al., IJVST 2026; Vol.18, No.3
DOI: 10.22067/ijvst.2026.97643.1639

Nisin, LPS, Feeding behavior, Temperature, Serum parameters, 
Broilers

A
LT

A
ST

A
LB

A
LP

BU
N

U
re

a
TG

G
LU

C
re

G
ro

up
s

8.
33

 ±
 0

.4
2ª

27
4.

33
 ±

 7
.4

6a 
1.

78
 ±

 0
.0

4a 
27

63
.0

0 
± 

22
5.

99
 

2.
67

 ±
 0

.2
1

5.
83

 ±
 0

.1
6 

77
.0

0 
± 

2.
44

27
1.

00
 ±

 1
.7

1
0.

23
 ±

 0
.0

2
C

on
tr

ol

8.
17

 ±
 0

.6
0a

26
2.

83
 ±

 4
.5

0a
 

1.
78

 ±
 0

.0
4a 

28
15

.0
0 

± 
17

5.
95

 
2.

33
 ±

 0
.2

1
5.

17
 ±

 0
.3

0 
75

.0
0 

± 
2.

17
26

6.
33

 ±
  4

.4
5

0.
28

 ±
 0

.0
1

N
isi

n

10
.1

7 
± 

0.
30

b 
29

6.
33

 ±
 2

.4
0b 

1.
35

 ±
 0

.0
4b

 
27

93
.6

7 
± 

24
1.

46
 

2.
33

 ±
 0

.2
1

5.
00

 ±
 0

.3
6 

76
.3

3 
± 

3.
45

25
5.

67
 ±

 3
.9

4
0.

25
 ±

 0
.0

2
LP

S

9.
83

 ±
 0

.3
0ab

 
27

8.
83

 ±
 3

.1
9ab

 
1.

40
 ±

  0
.0

3b
 

27
12

.3
3 

± 
23

1.
66

 
2.

33
 ±

 0
.2

1 
5.

00
 ±

 0
.2

5 
76

.8
3 

± 
3.

57
26

5.
67

 ±
 7

.8
1

0.
27

 ±
 0

.0
2

LP
S 

+ 
N

isi
n 

9.
50

 ±
 0

.2
2ab

27
6.

50
 ±

 2
.2

6a 
1.

42
 ±

 0
.0

6b
 

27
05

.8
3 

± 
23

1.
24

 
2.

50
 ±

 0
.2

2 
4.

83
 ±

 0
.3

0 
76

.1
7 

± 
3.

68
26

4.
33

 ±
 8

.0
7

0.
25

 ±
 0

.0
2

N
isi

n 
 +

 L
PS

D
at

a a
re

 ex
pr

es
se

d 
as

 m
ea

n 
± 

SE
M

. A
bb

re
vi

at
io

ns
: C

re
: C

re
at

in
in

e, 
G

LU
: G

lu
co

se
, T

G
: T

rig
ly

ce
rid

es
, U

re
a: 

U
re

a, 
BU

N
: B

lo
od

 U
re

a N
itr

og
en

, A
LB

: A
lb

um
in

, A
ST

: A
sp

ar
ta

te
 A

m
in

o-
tra

ns
fe

ra
se

, A
LT

: A
lan

in
e A

m
in

ot
ra

ns
fe

ra
se

. D
iff

er
en

t l
et

te
rs

 (a
, b

 an
d 

c)
 in

di
ca

te
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
s b

et
w

ee
n 

ea
ch

 tr
ea

tm
en

t i
n 

th
e r

es
pe

ct
iv

e f
ac

to
rs

 (p
 ≤

 0
.0

5)
.

Ta
bl

e 
2.

Eff
ec

ts
 o

f n
isi

n 
on

 so
m

e 
se

ru
m

 b
io

ch
em

ic
al

 p
ar

am
et

er
s o

f L
PS

-s
tim

ul
at

ed
 b

ro
ile

rs

and feed intake in broiler chickens, including Ross 
308 strains [26]. In group 5 of the experiment, nisin 
was administered first, followed by LPS injection, to 
evaluate the potential preventive effects of nisin.

In the present study, it can be observed that the 
initial administration of nisin was effective in reduc-
ing the adverse effects of LPS, as it partially reduced 
the effects of LPS on food and water intake, tempera-
ture, and even some serum parameters. This can be 
related to earlier studies showing that nisin suppress-
es the Production of pro-inflammatory cytokines, in-
cluding TNF-α, IL-1β, and IL-6 [27], while promoting 
the production of regulatory mediators such as IL-10 
and TGF-β [28].

In another study, nisin supplementation increased 
intestinal villus height, which may further contribute 
to improved broiler growth performance [23].

In another study, nisin supplementation increased 
intestinal villus height, which may further contribute 
to improved broiler growth performance [24]. In the 
present study, ICV administration of LPS reduced 
feed intake, consistent with previous studies .The 
faster and stronger effects observed via the ICV route 
may be explained by bypassing the blood–brain barri-
er (BBB) and directly influencing hypothalamic nuclei 
and neuropeptides related to hunger and satiety, such 
as the arcuate nucleus (ARC) and paraventricular nu-
cleus (PVN), through modulation of neuropeptides 
including NPY, AgRP, POMC, and CART [29].

LPS has a damaging effect on intestines and their 
barrier, which could be a reason for lowered growth 
rates in LPS-inoculated broilers. Previous studies have 
shown that LPS affects the gene and protein structure 
of tight junctions in the intestines, thereby compro-
mising nutrient absorption and water-electrolytes se-
cretion [30]. The pro-inflammatory cytokine TNF-α, 
produced as a result of exposure to LPS, further con-
tribute to the deterioration of tight junction proteins 
[31].

In broiler chickens, LPS-triggered anorexia has 
been mediated by decreased expression of orexigen-
ic neuropeptides, such as Neuropeptide Y (NPY) and 
Agouti-Related Peptide (AgRP) in the hypothala-
mus, as well as activation of the Hypothalamus-Pitu-
itary-Adrenal (HPA) axis, along with changes in nu-
trient partitioning from growth to immune processes, 
such as antibody production and inflammatory cyto-
kines [32].

In our experiment, the co-administration of LPS 
and nisin suggested that nisin has the potential to 
counteract the adverse effects of LPS on feed intake. 
The previous study has already validated that nisin has 
anti-inflammatory activity and nisin supplementation 
can suppress the Production of TNF-α and IL-6, while 
simultaneously promote the Production of IL-2, indi-
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and medial-basal hypothalamus are involved in the 
production and stimulation of neuropeptide Y, which 
occurs during osmotic stress and dehydration and 
these nuclei likely contribute to water regulation in 
chicks [38]. Because the paraventricular nucleus re-
ceives signals related to blood volume status, it may 
involve in the inhibition of NPY production in nu-
cleus, and therefore it can play a role in stimulating 
drinking behavior [39].

Although both nisin and LPS caused reduced wa-
ter intake, and co-administered nisin and LPS caused 
further reduced water intake as opposed to controls, 
the processes and physiological effects of nisin and 
LPS might not be the same.

Also, intestinal health is significant for water and 
electrolyte uptake in poultry and is very important 
for water balance [40]. Intestinal disorders or inflam-
mation can result in impaired water uptake, causing 
diarrhea, thereby increasing water consumption and 
enteric infections also facilitate water excretion in the 
feces, apart from causing disturbances in electrolyte 
balance[24]. Nisin, with the capacity to reduce inflam-
mation of the epithelial lining, causing a modification 
in the intestinal microbiota, can be very effective in 
the uptake of sodium, thus potentially reducing water 
consumption[27].

Overhydration in broilers may lead to increased 
moisture and saturated bedding that makes the broil-
er flocks prone to diseases such as ascites and contact 
dermatitis [41]. Adequate regulation of water con-
sumption is also important to lower the chances of 
developing physiological ailments such as tibial dy-
schondroplasia, ascites, cardiovascular diseases, and 

cating the stimulation of innate immunity [27].
In this study, besides the effect of nisin on cumu-

lative feed intake, water intake was also measured. By 
comparison with energy balance, water balance or 
the regulation of body fluids for homeostasis is more 
complex as it includes a variety of biological functions 
such as the cellular and molecular regulation of water 
intake and excretion [33]. Various organs can also be 
involved in osmoregulation and fluid regulation. In 
birds, these organs include the kidney, intestine, and 
salt gland [34].

In the peresent study, ICV injections of nisin were 
associated with a significant reduction in water intake. 
The relationship between feed and water intake in the 
LPS-injected group was linear; however, this pattern 
was not observed in the nisin-treated group. The in-
verse association between feed and water intake, 
which is less common in poultry, may be influenced 
by several factors, including breed, environmental 
temperature, sex, growth rate, diet composition, and 
physicochemical properties of feed ingredients [35]. 
Additionally, the stimulation of specific nuclei in the 
central nervous system could potentially promote ap-
petite and, at the same time, limit water consumption 
[36].

The challenge, illustrated by the conflicting effects 
on feed and water intake, indicates that nisin poten-
tially impacts water intake in a unique way via the 
central nervous system. The impact of nisin on water 
intake in poultry has not been documented earlier, 
and in a study on nisin intake in mice, the findings 
illustrated an increase in water intake [37].

The paraventricular nucleus, supraoptic nucleus, 

Figure 3. 
Cumulative Water Intake
Effects of intracerebroventricular 
injection of control solution and 
effective dose of nisin and LPS on 
cumulative water intake in feed and 
water-deprived broilers (N=6). Data 
are expressed as mean ± standard 
deviation. Significant differences be-
tween treatments at each time point 
are indicated by letters (a, b, ab, bc, 
c). ( p ≤ 0.05).
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Materials and Methods

reproductive failure[42]. In our study, cloacal tem-
perature measurements 10 minutes before the start of 
the experiment and 1, 3.5, 5, and 8 hours after injec-
tion confirmed the effects of LPS. Showing an initial 
drop followed by increased temperature in LPS-treat-
ed groups. Similar findings have been reported in ear-
lier studies, where LPS IV-injection elevated cloacal 
temperature three hours post-administration [43]. 
Another study also observed increased body tempera-
ture and reduced appetite in LPS-challenged broil-
ers and reported that strong LPS doses initially de-
creased then increased body temperature in chickens 
[44]. Notably, in the present study, nisin was able to 
somewhat reduce the adverse effects of LPS on body 
temperature among the intervention groups. Figure 
3 shows the temperature changes in each experimen-
tal group during the experiment, and in Table 1, the 
groups are compared at different times, and the num-
bers are written as mean ± SEM.

The results of serum biochemical parameters, 
did not show significant differences between the ni-
sin-treated and control group. In another study that 
investigated the effects of nisin on the blood serum of 
broiler chickens, no significant changes were observed 
in serum parameters except glucose [26]. The differ-
ences in the effects of the variables related to glucose 
may be attributed to different factors such as the dura-
tion of the experiment, the differences in the dose, and 
the experimental conditions. In another experiment 
conducted on rats, it was found that the consump-
tion of nisin did not affect the liver enzymes AST and 
ALT, triglycerides, cholesterol, HDL, and LDL, which 
demonstrates that nisin is not harmful to the phys-
iological health of the human body[45]. In a study 
on rabbits, nisin administered in drinking water did 
not lead to significant differences in total protein, tri-
glycerides, cholesterol, glucose, calcium or ALT[46]. 
In the present study, the results of serum biochemical 
parameters in the LPS group showed an increase in 
the levels of ALT and AST enzymes. The activities of 
AST and ALT enzymes in serum are usually used as 
specific indicators of liver damage. The results of other 
studies showed that intraperitoneal injection of LPS 
increased the levels of ALT and AST [47]. Notably. in 
the present study, albumin levels decreased, and re-
duction in albumin concentration in the LPS group 
may also be attributed to liver injury.

The immune response in broiler chickens caused 
by LPS negatively affects their growth; this occurs 
mainly because of protein metabolism failure in the 
body. The results in the intervention groups show that 
nisin can significantly reduce the adverse effects of 
LPS on ALT and AST factors, but has no effect on the 
adverse effects of LPS on ALB factor.

Conclusions
This study shows that central injection of nisin 

can increase feed intake and reduce water consump-
tion in broiler chickens, and reduces the negative 
effects of LPS on feed intake, body temperature, and 
some serum parameters. These findings provide new 
evidence for the potential role of bacteriocins, partic-
ularly nisin, in modulating feed and water intake and 
reducing the deleterious effects on body physiology in 
LPS-induced broiler chickens.

Ethical Considerations
The present study was conducted in accordance with ethical 

principles, national regulations, and standards for medical re-
search in Iran.

Ethical approval ID: IR.UM.REC.1403.313, dated January 25, 
2025.

All experiments were executed according to the Guide for the 
Care and Use of Laboratory Animals and were approved by the 
institutional animal ethics committee.

Animals
A total of 30 one-day-old male broiler chicks of the Ross 308 

breed were obtained from Fariman Company (Mashhad, Iran). 
During the first five days post-hatch, birds were maintained under 
normal rearing conditions. Broilers were housed in a controlled 
environment with temperatures of 30 ± 2° C for the initial 48-hour 
period, followed by a gradual reduction of approximately 2.5° C 
per week. Relative humidity was maintained at 50 ± 2%.

The lighting cycle adhered to conventional management prac-
tices, consisting of 23 hours light and 1 hour darkness during the 
first week, and gradually adjusted to a 18 hours light and 6 hour 
darkness photoperiod by the end of the experiment period. The 
broilers had free access to clean water and a commercial broiler 
starter feed (Sāleh Co., Kashmar) throughout the experiment.

The diet was formulated with a concentration of 23% crude 
protein, 2% crude fiber, 1% calcium, 0.5% available phosphorus, 
0.55% methionine, 1% lysine, 1% methionine + cystine, 0.18% and 
2900 kcal/kg metabolizable energy.

After the 5-day acclimation time, chicks were randomly allo-
cated to five experimental groups (n = 6 per group). Prior to intra-
cerebroventricular (ICV) injections, birds were fasted for 3 hours 
to minimize variation in metabolic status, while water remained 
available ad libitum.

Experimental Compounds
Nisin (Product Code: N5764-1G) was purchased from Sig-

ma-Aldrich, USA. This bioactive compound, which belongs to 
Lactococcus lactis, has been defined to consist of 2.5% purified 
nisin along with sodium chloride and denatured milk derived 
components. This bioactive compound, manufactured and sold by 
Sigma-Aldrich, has been registered and indexed using CAS num-
ber 1414-45-5, and it possesses an empirical formula composed of 
C₁₄₃H₂₃₀N₄₂O₃₇. Lipopolysaccharide (LPS) was obtained from E. 
coli O111:B4 (Life Biolab, Cat. No. LB22429, Lot No. 20L9147).

All solutions were prepared using sterile, pyrogen-free physi-
ological saline. A stock solution with 1 mg/ml nisin was prepared 
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and subsequently diluted to obtain the desired experimental con-
centration (1 μg). A stock solution with 10 mg/ml LPS was pre-
pared and subsequently diluted to obtain the desired experimen-
tal concentration.

Experimental Groups
Group 1: Control
Group 2: Nisin
Group 3: LPS
Group 4: LPS + Nisin
Group 5: Nisin + LPS
The time interval between the two injections of nisin and LPS 

in the fourth and fifth groups was 15 minutes.

Surgical Preparation
Stereotactic surgery was performed when the chicks were 18 

days old and weighed approximately 750g. Food was withdrawn 
for one hour before surgery, while water w remained ad libitum. 
Anesthesia was induced via a face mask using isoflurane (5% iso-
flurane in 1 L/min oxygen) and maintained at 2–3% isoflurane 
(Piramal Critical Care Inc., Guayama, USA) in 1 L/min oxygen 
delivered through a tracheal tube. All broilers were confirmed to 
be clinically healthy following routine physical examination.

A 23-gauge thin-walled stainless steel guide cannula was ste-
reotaxically implanted into the right lateral ventricle according to 
previously established coordinates: 6.7 mm anterior to bregma, 
0.7 mm lateral to the midline, and 3.5-4 mm below the dura ma-
ter [48]. Finally, three stainless steel screws were inserted around 
the entry point of the cannula into the skull, and the cannula and 
the three screws were fixed in place with acrylic dental cement 
(Acropars, Tehran, Iran). In the control group, an orthodontic 
#014 wire was inserted into the guide cannula to maintain equiv-
alent conditions.

To prevent postoperative infection, Linkospectin (Razak, Teh-
ran, Iran) was applied topically to the incision site and adminis-
tered intraperitoneally. Birds were allowed a minimum recovery 
period of five days, before the initiation of the subsequent injec-
tions. 

Experimental Procedures
A single experiment was conducted to evaluate the effects of 

nisin on feed intake, water intake, body temperature, and serum 
biochemical parameters in broilers challenged with LPS-induced 
inflammation (n = 30). Each experiment consisted of one control 
group and four treatment groups. Body weight (BW) was consis-
tent across all chickens (950 ± 50 g).

The injections were administered using a thin-walled stain-
less steel injection cannula of 30-gauge, which projected 1.0 mm 
beyond the tip of the guide cannula. The injection cannula was 
connected to a 10-µl Hamilton syringe with a 30-cm PE-20 poly-
ethylene tube. The Lipopolysaccharide was given an infusion time 
of 60 seconds, and the control solution was infused into the lateral 
ventricle simultaneously. All tubes and syringes were stored in a 
70% ethanol. Glassware was sterilized by an autoclave to maintain 
a Pyrogen-free environment. Sterilized physiological saline was 
used as a control solution.

Correct placement of the guide cannula within the right lateral 
ventricle was confirmed by the appearance of cerebrospinal fluid 
(CSF) and by ICV infusion of methylene blue, followed by meth-
ylene blue in the right place confirmation in frozen brain sections 
at the conclusion of each experiment. Only data from accurately 
performed injections were included in the statistical analyses.
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Feed was withheld 3 hours prior to the start of the experi-
ment. The chicken has been immediately returned into the cage 
after injection. The cumulative feed consumption (g) and water 
consumption (g) of the chicken were measured at 30 min, 60 min, 
90 min, 120 min, and 180 min post-injection. At the time of ex-
perimentation, chicks were 23 days old.

Nisin and LPS were administered via the ICV route alone or in 
combination to assess the central nisin administration on LPS-in-
duced inflammation. Chickens received 1 μg/kg of nisin dissolved 
in 10 μl saline. LPS was administered at a dose of 25 ng in 10 μl 
saline.

Because no prior studies have reported ICV administration of 
nisin in broilers, the selected dose was based on data from mam-
malian studies and preliminary pilot experiments conducted by 
the current research team. In contrast, the effective ICV dose of 
LPS in broilers (25 ng) has been previously established by some 
of the members of the present research team [49]. At the end of 
the experiments, blood samples were collected from the metatar-
sal vein.

Statistical Analysis
The cumulative amount of feed and water intake data was an-

alyzed employing one-way repeated measures ANOVA in Graph-
Pad Prism software, version 9.4.1 (GraphPad Software, USA). In 
order to determine statistical significance, the value of  p ≤ 0.05 
was taken into consideration. After observing significant differ-
ences in treatment, the Tukey post-test comparison was conduct-
ed.

Variations that might exist between the body temperatures of 
the LPS-treated and control broilers and the serum biochemical 
values were estimated using the one-way ANOVA method. Statis-
tical significance was accepted at p ≤ 0.05.
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